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The concept of information plays a central role in studies of animal communication. Animals' responses to the calls of different individuals, to food calls, alarm calls, and to signals that predict behaviour, all suggest that recipients acquire information from signals and that this information affects their response. Some scientists, however, want to replace the concept of information with one based on the 'manipulation' of recipients by signallers through the induction of nervous-system responses. Here we review both theory and data that argue against hypotheses based exclusively on manipulation or on a fixed, obligatory link between a signal's physical features and the responses it elicits. Results from dozens of studies indicate that calls with 'arousing' or 'aversive' features may also contain information that affects receivers' responses; that acoustically similar calls can elicit different responses; acoustically different calls can elicit similar responses; and 'eavesdropping' animals respond to the relationship instantiated by signal sequences. Animal signals encode a surprisingly rich amount of information. The content of this information can be studied scientifically. Ó 2010 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
The concept of information has played a long and productive role in the study of animal communication. Empirical research has attempted to specify the kinds and amount of information transferred in signalling systems as disparate as the dance language of honeybees (von Frisch 1967; Seeley 1997) , the claw-waving displays of crustaceans (Dingle 1969), the songs of birds (Vehrencamp 2000), and the alarm calls of primates (Cheney & Seyfarth 1990) . Theoretical analyses have relied heavily on the concept of information in contexts ranging from aggression to courtship to cooperation (Enquist 1985; Grafen 1990; Maynard Smith 1991) .
Nevertheless, this approach has been criticized by a minority of researchers. Dawkins & Krebs (1978, page 309) , for example, argued that animal signals should be viewed not in terms of information but in terms of the manipulation of receiver behaviour, arguing that 'it is probably better to abandon the concept of information transfer altogether'. The call to abandon information in favour of 'manipulation' or 'assessment/management' was later renewed by Owings & Morton (1997 , 1998 , who suggested that 'the informational perspective is not adequate as a concept or methodology to understand either the evolution or the process of vocal communication' (1998, page ix). Along with others, they advocate a view of communication as management by signallers of the behaviour of receivers (see also Owren & Rendall 1997 , 2001 Owren 2000; Rendall et al. 2009 ). For example, following Morton (1977) , Rendall et al. (2009) note that the squeaks, shrieks and screams of many animals have 'sharp onsets, dramatic frequency and amplitude fluctuations, and chaotic spectral structures, which are exactly the sorts of features that have direct impact on animals' nervous systems' (page 236). Similar generalizations hold for alarm calls which have evolved, they believe, to 'induce nervous-system responses' in receivers (Owren & Rendall 2001, page 61) . Finally, the critics also argue that using terms like information implicitly commits scientists to the use of human communication, particularly language, as a model for communication in animals. It is therefore both anthropomorphic and inaccurate (Owings & Morton 1997 , 1998 .
These opposing views find parallels in studies of animal learning. For years, behaviourists argued that the mental activities of animals were not appropriate topics for research, either because they could not be studied scientifically (methodological behaviourism) or because they did not exist (radical behaviourism; Skinner 1974).
